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 The main goal of this study is to provide context and provenance to the 
Vester Collection of Mesoamerican artifacts by sourcing the obsidian objects in 
the collection through the use of an X-ray fluorescence device. The artifacts were 
looted by Mr. Gerhard Vester while he was in Mexico from 1946 – 1953 and are 
reported to be from Teotihuacán and the surrounding area. Despite the 
decontextualized nature of this collection, it can still provide valuable information. 
The obsidian artifacts, in particular, can be used to provide more information on 
the network of trade systems in Classic (300 – 950 CE) and Postclassic (950 – 
1521 CE) Mesoamerica and on political relationships in the area. The results of 
this thesis demonstrate that working with an ‘orphaned’ collection can still provide 
both research and meaningful information. I analyzed the artifacts at California 
State University, San Bernardino using a Thermo 
Scientific Niton FXL Field X-ray Lab XRF and created a data table with 23 
Mesoamerican obsidian sources. Thirteen of the artifacts were sourced to seven 
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 Obsidian is a volcanic glass found in many places in the world, primarily in 
areas that are or were volcanically active. Ancient cultures used obsidian to 
create a variety of tools and jewelry. In Mesoamerica, obsidian was a highly 
valued resource. The obsidian sources that were used in Mesoamerican trade 
systems had a broad reach. These trade networks spanned hundreds of 
kilometers and spread throughout Mesoamerica into what is now the United 
States and Guatemala (Hirth et al. 2013; Moholy-Nagy et al. 2013; Ponomarenko 
2004). 
 Obsidian is useful in the study of trade systems and political relations 
because it can be geologically sourced to its original quarry (Hirth et al. 2013; 
Joyce et al. 1995; Stross et al. 1983). The reason for this is because each 
obsidian quarry has its own unique elemental composition. Past research has 
shown that each obsidian source has unique amounts of certain elements within 
them (such as rubidium, strontium, and zirconium) (Gordus et al. 1968b; Key 
1969; Sheets et al. 1990). Obsidian sourcing has been done using a variety of 
methods, such as neutron activation analysis (NAA), electron probe analysis, and 
X-ray fluorescence (XRF) analysis. In this instance, an XRF analysis of the 
Vester obsidian is preferred because it is inexpensive, very little sample 





 Recently, a portable version of the XRF device (which uses X-rays to 
excite electrons and measures the fluorescent radiation emitted from the atoms 
of the sample) has become available. This fluorescent radiation is used to 
determine the elemental composition of a sample (see discussion below). This 
method has been used by various archaeologists around the world to source 
obsidian artifacts and helps determine past trade routes and interaction systems 
(Forster and Grave 2012; Gay et al. 2017; Milić 2014; Phillips and Speakman 
2009; Sheppard et al. 2011). There has been some debate about whether or not 
a portable XRF device is as accurate as a laboratory XRF (Nazaroff et al. 2010). 
Recent work has shown that the pXRF devices, when properly calibrated, can 
produce reliable and accurate results.  
 With this study, I seek to source the obsidian artifacts in the Vester 
Collection (see Appendix C for an artifact list) by using a portable XRF device. By 
sourcing and analyzing these artifacts, I seek to both add context to some of the 
artifacts in the Vester Collection and to demonstrate that it is possible and in fact 
necessary to study ‘orphaned’ collections. I undertook the sourcing of the Vester 
obsidian at California State University, San Bernardino. The obsidian artifacts 
were not sent out to be examined by another party. I examined published 
scholarly articles (Joyce et al. 1995; Lopez-García et al. 2019; Millhauser et al. 
2011; Pierce 2015; Smith et al. 2007; Williams 2012) and I compiled a list of 616 
obsidian artifacts with their elemental composition data. I used these data and 





Performing this analysis on the Vester Collection poses some problems, as there 
is no clear provenience or date provided for many of the artifacts in the collection, 
including those of obsidian.  
Despite the numerous challenges inherent in studying this collection, I 
believe that there is an important reason why it should be examined. This 
research adds more information and context to an ‘orphaned’ collection, which 
currently has so little. The context of this collection was destroyed when Gerhard 
Vester used bribery to excavate the artifacts without recording much information 
about their location and how they were obtained, leaving behind only a few notes 
that may have been translated into English (and have since been lost) (Grider 
1962:2–3). Working with this collection raises certain ethical issues. These 
issues will be addressed as best as I possibly can in Chapter Three. 
While it has been the tradition in archaeology that ‘orphaned’ collections 
are often overlooked, I believe that it is not only my responsibility, but it is the 
responsibility of archaeologists, in general, to bring as much context and 
information as possible to such collections. This collection deserves to have 
some dignity to be restored to it, and hopefully this research can be used an 










Obsidian Trade Routes and Systems in Mesoamerica 
 Research on obsidian trade routes and systems in Mesoamerica has 
spanned from the Formative period (2000 BCE – 250 CE) to the Postclassic (900 
– 1521 CE). Early obsidian trade systems were quite complex and extensive. 
This can be seen in the trade system that was present in the Formative site of 
San Lorenzo, an early Olmec center. Through both NAA and XRF sourcing, it 
was found that obsidian from 11 different sources was being used by the people 
at San Lorenzo (Hirth et al. 2013). The obsidian trade at San Lorenzo appears to 
have helped the Olmec make the site a center of political power, as it appears to 
have been a part of at least two different trade networks. In the later phases of 
San Lorenzo, the site’s occupants used obsidian from sources further away (300 
– 600 km), which may be a sign that San Lorenzo may have been extending its 
influence as during the Chicharras Phase (1500 – 1400 BCE) further obsidian 
sources were used (Hirth et al. 2013:2796-2716). 
 Other examples of obsidian trade routes and systems during the 
Formative period are evident in Oaxaca, Central Mexico, the Gulf Coast, the 
Maya Lowlands, and Guerrero (Blomster and Glascock 2010; Ebert et al. 2015; 
Golitko and Feinman 2015; Hepp 2019; Joyce et al. 1995). One of these obsidian 





area. Obsidian from various sources was being transported to different sites such 
as La Zanja and Etlatongo during the Formative Period. These sites were a part 
of a trade route that connected Central Mexico, coastal Guerrero, the Oaxaca 
Valley, and the Pacific Coast (Ebert et al. 2015; Hepp 2019). 
 
Figure 1. 1 Illustration of a stemmed dart point from Central Mexico. From 
Carballo et al. 2007:Figure 1. This image provides an example of the types of 
projectile points that could be found.  
 
 The State of Oaxaca and the Oaxaca Valley were involved in several 
different trade systems, as there are no obsidian sources in the area. For 
example, consider La Consentida, an Early Formative (2000 – 1000 BCE) village 
located on the western coast of Oaxaca, in the Lower Rio Verde Valley. Obsidian 
samples obtained from middens, hearths, burial contexts, and fill were sourced 
using an XRF device (Joyce et al. 1995, Hepp 2019). A total of 45 obsidian 





Coast (Guadalupe Victoria, Malpaís, Otumba, Paredón, Pico de Orizaba, 
Zaragoza) (Hepp 2019). Two of the obsidian artifacts recovered at La Consentida 
were collected from hearths that were dated, and they provide the earliest dates 
of obsidian interaction networks in the Lower Rio Verde Valley. The dates 
provided by the hearths, through AMS radiocarbon dating, are 1904 – 1692 cal 
BCE (LC09 A-F4) and 1746 – 1530 cal BCE (LC09 B-F15) (Hepp 2019:53). 
These dates demonstrate that obsidian interaction networks were established in 
the Early Formative period in Oaxaca.  
In the Nochixtlán Valley, obsidian artifacts from three different Formative 
sites (Etlatongo, Yucuita, and Rancho Dolores Ortíz) were sourced through 
neutron activation analysis and it was found out that the main obsidian source 
used changed over time (Blomster and Glascock 2010). In the earlier Cruz A 
phase (1500 – 1200 BCE) villages, Yucuita and Rancho Dolores Ortíz, obsidian 
was coming from the Gulf Coast. For Yucuita, about 98% of the obsidian 
assemblage was sourced to the Guadalupe Victoria and Pico de Orizaba 
obsidian sources. One obsidian fragment from Yucuita comes from the Paredón 
source in Central Mexico (Blomster and Glascock 2010). In Rancho Dolores 
Ortíz, the pattern is very similar. The majority of the obsidian, 95%, was sourced 
to the Guadalupe Victoria source. The other obsidian fragment from this site was 
not from Central Mexico, as was the case with Yucuita. The fragment was 
sourced to the El Chayal source in Guatemala. It is believed that Rancho Dolores 





Nochixtlán Valley during the Cruz A phase and this included exchange networks 
incorporating Guatemalan obsidian (Blomster and Glascock 2010). It is possible 
though, that this single obsidian artifact from Guatemala may not be evidence of 
an exchange network that included the El Chayal source. There could be a 
number of different ways that this artifact ended up in Rancho Dolores Ortíz. 
In the later Cruz B phase (1200/1150 – 850 BCE) obsidian recovered from 
Etlatongo was mainly coming from sources in Central Mexico (Paredón, Otumba, 
and Tulancingo). Other obsidian sources from the Gulf Coast, Western Mexico, 
and Guatemala are present at Etlatongo as well, though in smaller numbers 
(Blomster and Glascock 2010). The change in the main obsidian sources utilized 
is believed to be evidence of increased interregional interaction in the area and 
occurred when tool uses were changing, and prismatic blades were introduced 
(Blomster and Glascock 2010:192). Additional evidence of this changing of 
obsidian sources from the Gulf Coast to Western Mexico over time is present in 
La Consentida as well. The primary sources represented in early La Consentida 
are Guadalupe Victoria and Pico de Orizaba, representing 18% and 58% of 
sourced samples, respectively (Hepp 2019:69). Paredón on the other hand 
makes up 3% of the obsidian artifacts (Hepp 2019:69). This follows the same 
pattern presented by Blomster and Glascock above, where in the earlier sites 
Gulf Coast obsidian is the primary source of obsidian (2010).  
 More evidence of changing obsidian sources and trade routes is provided 





valley that were dated to either the Formative or Classic period. The majority of 
the artifacts came from the Basin of Mexico and Michoacán. Initially, the most 
utilized source was Paredón, but during the Classic period the Pachuca source 
became the dominant source of obsidian for these sites (Joyce et al. 1995). In 
addition to this information, it was discovered through these data that interaction 
between the western and eastern portions of the Oaxacan coast was not 
significant. These authors also suggested that obsidian trade at the end of the 
Formative was disrupted due to conflict in the area (Joyce et al. 1995).  
 There is also evidence of obsidian trade in the Valley of Oaxaca during the 
Late Classic period. The obsidian from the sites of Ejutla, El Palmillo, and the 
Milta Fortress come from 11 different sources from Central Mexico, the 
surrounding areas, and from Guatemala, with the main source being Zaragoza 
(Feinman et al. 2013). This shows that during the Late Classic period, obsidian 
trade in Oaxaca was incorporating trade partners both to the north and to the 
east. It is interesting to note that each site had differing amounts of obsidian from 
these sources (Feinman et al. 2013).  
 In Western Mexico, obsidian sources are plentiful, with at least 26 sources 
known in the states of Jalisco, Nayarit, and Zacatecas (Glascock et al. 2010). 
Compared to the rest of Mesoamerica, West Mexico has not been extensively 
studied (Beekman 2010; Glascock et al. 2010; Pierce 2015). Prehispanic 
communities in Western Mexico appear primarily to have used obsidian sources 





Classic period occupations at the site of Teuchitlán, obsidian from La Mora-
Teuchitlán was exploited heavily (Spence et al. 2002). An obsidian workshop 
(Feature 83) located in the precinct of Guachimonton (within the larger Teuchitlán 
site) primarily worked with obsidian from La Mora-Teuchitlán, with two artifacts 
coming from different sources (Spence et al. 2002:67). 
 During the Postclassic (900 – 1521 CE), the Aztatlán people constructed 
many regional centers in Western Mexico. These people mainly used the 
obsidian sources closest to them for most of their tools, while obsidian from 
further sources appear to have been used by elites as prismatic blades as there 
is some evidence of differential access to this imported obsidian (Pierce 2015, 
2016). The two main sources of obsidian used by the Aztatlán people were the 
La Joya and the Volcán las Navajas sources. In the four Aztatlán sites examined 
by Pierce, San Felipe Aztatán, Chacalilla, Coamiles, and Amapa, both the La 
Joya and Volcán las Navajas sources accounted for 64% to 89% of the sourced 
obsidian (Pierce 2016:607). 
Even on the edge of Mesoamerica obsidian trade was occurring over vast 
distances. At the Maya site of Tikal, Guatemala, about 2,283 obsidian artifacts 
and debitage were analyzed by the use of portable XRF and neutron activation 
analysis (Moholy-Nagy et al. 2013). Here it was found that a total of 11 different 
obsidian sources were used by the inhabitants of Tikal. Three of the obsidian 
sources were from Guatemala, which accounted for 98% of the artifacts, while 





Tikal to Central Mexico is more than 1,000 km, which is much greater than the 
distance of from San Lorenzo to Central Mexico. This shows how highly valued 
certain types of obsidian were. Pachuca obsidian has been found as far north as 
Oklahoma and as far south as Honduras and El Salvador (Ponomarenko 2004). 
This strongly suggests that certain obsidian carried culturally-derived values 
beyond its basic physical properties and that various communities throughout 
Mesoamerica and beyond structured their exchange relations embedded within 
complex systems of value and meaning. 
 
The Vester Collection 
 
 The Vester Collection is currently being held by the Anthropology 
Department at California State University, San Bernardino. Mr. Vester was a 
German-born immigrant who left Germany at the beginning of World War I and 
traveled to Mexico (Greno 1962). He spent the next ten years in Mexico until he 
moved to Los Angeles, California. The collection was obtained by Vester and his 
wife during his retirement in Mexico from 1946 – 1953 (Greno 1962). It was 
revealed during an interview with Mrs. Vester that the majority of the collection 
comes from Teotihuacán and the surrounding areas (Greno 1962). Looking 
through the collection, there is evidence that Vester traveled to Oaxaca and Lake 
Chapala (Greno 1962:2). According to Grider (1962), there is no evidence in his 
research that Gerhard Vester and his wife went past the Isthmus of 





United States. After Vester died, Mrs. Vester moved to Redlands, California and 
in 1961 she donated the collection to the University of Redlands (Greno 1962; 
Grider 1962).  
In 2004, the University of Redlands gave this collection to a Cultural 
Research Management (CRM) firm called Statistical Research Inc. SRI held the 
artifacts in their ASF office in Redlands, where they had various people look at 
the collection to determine where the artifacts came from and whether or not 
there were some forgeries. In 2008, the CRM firm gave the collection to the 
Anthropology Department at California State University San Bernardino. In 2017, 
the collection was examined and cataloged by graduate and undergraduate 
archaeology and anthropology students for a class project. 
 During an interview with Mrs. Vester in the 1960s, it was revealed how Mr. 
Vester obtained the artifacts in his collection. According to Mrs. Vester, her 
husband used bribery to dig in certain areas and even bought artifacts from 
locals (Grider 1962:2 – 3). She noted that buying artifacts from the locals 
“requires some skill, since many groups make copies of authentic ones” (Grider 
1962:3). When they moved back to the United States Mrs. Vester implied that the 






Figure 1. 2 Mr. Vester in the Glendora Newspaper. April 22, 1957 
 
These statements raise a few concerns with this collection. First, it is clear 
that Vester did not obtain permission to dig at sites while he was in Mexico. This 
means that the artifacts in this collection are looted. Second, there is no reliable 
provenience for these artifacts other than Mrs. Vester’s statement that the 
majority of them were collected at Teotihuacán and the surrounding area. Third, 





these artifacts represents a significant challenge. One way to go about this is to 
relatively date the obsidian projectile points and some of the pottery and 
figurines, based on stylistic and diagnostic elements. Finally, it is likely that some 
of the artifacts in the collection are reproductions or are more recent than Vester 
believed. Even if Vester was as skilled in negotiating with the locals as Mrs. 
Vester stated, there is a strong probability that a few of the artifacts in the 
collection are reproductions. 
 
Vester Collection Artifacts Examined for this Thesis 
 The Vester Collection contains a variety of artifacts including obsidian 
projectile points and prismatic cores, ceramic figurines and vessels, copper bells, 
aerophones, spindle whorls, lithic blades and hooks, and even a bone rasp. For 
this thesis research, I limited my focus to the obsidian artifacts. I examined a total 
of 81 artifacts. These include three earspools, an anthropomorphic figurine, ten 
“spokeshavers” or scrapers, five polyhedral cores, one piece of worked obsidian, 
and 61 projectile points (including two projectile points that have been labeled as 
spearpoints that are much larger than the rest of the projectile points). The 
majority of these artifacts have been tentatively dated to the Classic or 
Postclassic periods and are labeled as from either the Central Valley of Mexico 
generally or Teotihuacán specifically. 
 It should be noted that some of these artifacts have a type of glue on one 





University of Redlands and at the Glendora Public Library. I removed much of 
this glue before I performed my analysis, as it may have interfered with the XRF 
analysis. I was careful not to damage the obsidian artifacts or create any new 
marks that could be mistaken for abrasion or any other wear during the later 








 Working with the Vester Collection arguably raises a few ethical concerns. 
This is because the collection was looted and may be considered an “orphaned 
collection”. An orphaned collection is “composed of excavated archaeological 
material that lost curatorial support or was abandoned” (MacFarland and Vokes 
2016:162). There are many reasons for a collection to lose curatorial support, 
this can be from the closure of museums, the firing or retirement of the staff or 
faculty that was in charge of the collection, abandonment of the collection, or the 
accumulation of artifacts recovered during salvage operations (Voss 2012:147). 
 An ‘orphaned’ collection potentially raises a major issue concerning 
research potential, as there is often a large time gap between excavation and 
examination of the collection. Furthermore, ‘orphaned’ collections are usually 
separated from any field notes or any other documentation that may provide the 
artifacts with context (Voss 2012). This perfectly describes the Vester Collection. 
Gerhard Vester obtained the artifacts between 1946 – 1953 and the obsidian 
artifacts were examined for this project between 2019 and 2020. However, some 
of the field notes and documentation from Gerhard Vester were found. I was able 
to obtain additional documentation about the collection, which came from the 
CRM firm ASF and from CSUSB.  Many archaeologists feel that any artifact that 
does not have any context is useless as it will not provide any information about 





 Despite this major issue with ‘orphaned’ collections, I believe that 
examining them is still a duty of archaeologists. One of the reasons for this 
position is the curation crisis that has been plaguing the archaeological field for 
some time now. The curation crisis has been described by Voss (2012:146) as 
“…a gross imbalance between the continued generation of archaeological 
collections through excavation, and a corresponding lack of resources and 
facilities devoted to accessioning, analyzing, reporting, curating and otherwise 
caring for these collections.” The curation crisis is the result of essentially all 
archaeological projects that collect large amounts of artifacts and the cultural 
resource laws that they follow (Bawaya 2007; Kersal 2015; Milanich 2005; Voss 
2012). For example, in Florida CRM firms deposited collections in museums in 
perpetuity and these museums are running out of space (Milanich 2005). Another 
concerning issue raised by Milanich (2005:58) is that plenty of CRM bids do not 
include curation of the artifacts in the effort to have a lower bid. Many states in 
the USA face these same issues.  
 It is an archaeologist’s duty to examine the artifacts, publish in a timely 
manner, and to care, curate, and make accessible the collection for the public to 
examine (depending on the nature of the artifacts). These points are mentioned 
in the Society for American Archaeology’s Principles of Archaeological Ethics 
and the Archaeological Institute of America’s Code of Ethics.  ‘Orphaned’ 
collections are not getting the attention they deserve from archaeologists. Barker 





collections and that “curated collections, by contrast, represent a growing 
resource whose long term integrity and utility is enhanced rather than diminished 
by responsible use.” 
 There have been several projects that have worked with ‘orphaned’ 
collections and have produced new results. Voss (2012) has worked with the 
‘orphaned’ collection from the Market Street Chinatown in San José, California. 
Voss showed that working with and curating an ‘orphaned’ collection resulted in 
artifact, context, catalog, and event inspired findings. Voss’s students designed 
research projects based on artifacts that were found during the cataloging 
process. Additionally, patterns of waste management activities and behavior in 
Market Street Chinatown were discovered while cataloging the artifacts obtained 
from middens.  
 Others have worked on rehabilitating ‘orphaned’ collections so that they 
can be combined to an institution to enhance the collections research potential. 
MacFarland and Vokes (2016) have created a seven-step procedure for 
rehabilitating ‘orphaned’ collections. These steps involve inspection of the 
collection, rehousing the collection, creating and validating digital database and 
validating the database, finalizing inventories and locations, and the creation of a 
summary document detailing what happened during the rehousing of the 
collection. The work of Voss (2012) and MacFarland and Vokes (2016) shows 
that work and research can be done on ‘orphaned’ collections and that valuable 





 As mentioned previously, it is believed that Gerhard Vester obtained many 
of these artifacts through looting. Working with looted artifacts is contentious. 
Working with looted artifacts or working with data obtained from these artifacts 
may be perceived as directly or indirectly validating the act of looting (Chase et 
al. 1988; Lynott 1997).  
I would like to make this statement clear; I do not endorse the act of 
looting archaeological sites. Many sites around the world have experienced 
looting and many of those sites have been destroyed as a result. In Belize, of 
106 sites (that were included in the study), 60% had experienced looting and half 
of those sites are destroyed because of it (Proulx 2013). In Syria, looting of 
archaeological sites has increased in frequency in the Post-war years, 2012 – 
2015 (Casana 2015). According to a study by Proulx (2013:119 – 120) on looting 
throughout the world, 78.5% of archaeologists have seen looting or the evidence 
of looting during field work, while 87.1% experienced looting or looters off site. 
I believe that my work with the Vester Collection will do more good than 
harm by showing that ‘orphaned’ collections can and are a great resource of 










 Before the obsidian from the Vester Collection could be sourced, the 
artifacts were cleaned. During their time at the University of Redlands most of the 
obsidian artifacts, as well as some of the other lithics, were put on display or 
stored in a lab on the campus, as some of the artifacts had cardboard and glue 
on one surface. The cardboard and glue needed to be removed so that I could 
obtain accurate readings from the X-ray fluorescence (XRF) device. If the 
cardboard and glue were to be left on the artifacts, then the results would include 
the elemental composition of both of those and could quite possibly affect the 
parts per million (ppm) readings of a number of elements.  
 To remove the cardboard and glue residue, I used acetone and cotton 
swabs. The acetone was poured into a flask and placed under a fume hood 
along with the obsidian artifacts. One end of a cotton swab was dipped into 
acetone and then was rubbed over the section of the artifacts that had the foreign 
residue. This action was done carefully as to ensure that no damage would occur 
to the artifacts and no other marks were created on the surface. This was 
process was repeated multiple times for all of the artifacts as it took multiple 
passes of the Q-tip with nail polish remover to completely remove the glue and 
cardboard residue. Three artifacts (F.1386.T27.5861.55, F.1386.T27.5861.59, 
and F.1386.T27.5863.2) had some residue left after the removal process, but 





Once the obsidian artifacts were cleaned, they could be subjected to 
pXRF analysis. The sourcing of obsidian artifacts has been done by 
archaeologists and geochemists since the late 1960s, when it was discovered 
that different obsidian sources had different elemental compositions and 
archaeologists could use this information to determine where individual artifacts 
came from. Some of the sourcing techniques used for obsidian are neutron 
activation analysis, X-ray spectroscopy, and X-ray fluorescence (Gordus et al. 
1968a; Griffin et al. 1969; Key 1969; Merrick and Brown 1984; Parks and Tieh 
1966; Smith et al. 1977). Some of these techniques required the destruction of 
some of the obsidian to obtain the elemental results, but X-ray fluorescence is 
non-destructive.  
In order to source the obsidian from the Vester Collection, I used an X-ray 
fluorescence (XRF) device. The XRF device uses short wavelength X-rays to 
bombard a sample with radiation. This radiation excites the atoms within the 
sample and then the sample becomes ionized. Once enough radiation is 
absorbed by the sample, the electrons in the inner electron shell will begin to 
dislodge themselves from the atom. Once this occurs, an outer shell electron 
replaces the inner shell electron. Energy is released by this exchange of 
electrons and is called fluorescence. Each element has a unique fluorescence 
level and this method can be used to detect elemental compositions in various 





 This sourcing method works very well with obsidian, as each different 
obsidian source has a unique elemental fingerprint (Milić 2014; Nazaroff et al. 
2010; Phillips and Speakman 2009; Sheppard et al. 2011). This allowed me to 
use an XRF machine to scan the obsidian artifacts in the Vester Collection and 
infer their possible origins. To conduct this research, I used the XRF device 
housed in the Geology Department at California State University San Bernardino. 
The XRF device in this lab is a Thermo Scientific Niton FXL Field X-ray Lab XRF 
and it is currently under the care of Dr. Erik Melchiorre. Due to this XRF device 
being a “Field” model, it is considered a portable XRF device (pXRF).  
The Niton XRF is equipped with an Ag anode X-ray tube and is capable of 
50 KV and 200 μA1. The Niton XRF is also capable of analyzing from an 8 mm to 
1 mm area, so that specific areas of a sample can be targeted. The Niton XRF 
uses filters that are labeled as Light and Heavy. With both of these filters, the 
entire range of elements is being scanned, with each filter being used for roughly 
thirty seconds before they are switched out.  
According to Dr. Melchiorre, the Niton XRF was set to the Mining Cu/Zn 
setting. Each obsidian artifact was examined independently for around 240 
seconds to minimize the measurement fluctuations during the test period 
(Speakman 2012). The elements of primary focus were rubidium, strontium, 
yttrium, zirconium, and niobium as these elements are the main focus in XRF 
 
1 KV stands for Kilovolts and μA stands for microampere. These setting can be changed and certain 





(Glascock et al. 1998). At Dr. Melchiorre’s suggestion, readings were also taken 
of several other elements in case any unexpected signatures could help with the 
sourcing of the artifacts. The data were then converted to parts per million (ppm) 
using the in-house program in the Niton XRF device. 
It should be stated that there is still a debate about the accuracy of the 
pXRF devices and their use in sourcing obsidian artifacts (Braswell 2013; 
Nazaroff et al. 2010; Shackley 2010, 2012). Braswell (2013:150), mentioned that 
the shape and the thickness of the obsidian artifact can lead to “variations and 
faulty measurements…” Shackley (2012) also discussed this issue and 
mentioned another problem, that of reliability and validity of measurements taken 
with a pXRF device.  
Nazaroff and colleagues (2010:894) employed a pXRF device (a Bruker 
AXS Tracer 3-V) and demonstrated an “intra-instrument consistency.” They 
showed this pXRF unit was capable of distinguishing between various different 
obsidian sources. However, they did find through a k-means cluster analysis that 
there was a systematic error in the data (Nazaroff et al. 2010:891). A systematic 
error, in statistics, is an error that is introduced by the inaccuracy of the 
measurement device. Due to this systematic error, the data from the pXRF could 
not be compared to the laboratory XRF, so there was no “inter-instrument 
consistency” between the two devices (Nazaroff et al. 2010:894). Despite these 





accurate measurements when sourcing obsidian artifacts (Millhauser et al. 2011; 
Pierce 2015; Speakman 2012). 
Before the Vester Collection obsidian artifacts could be traced to their 
original sources, I needed to produce a large table of elemental data (primarily in 
ppm) of obsidian sources in Mexico and Mesoamerica is needed in order to 
source the obsidian artifacts from the Vester Collection. This is necessary due to 
the fact that the artifacts were not sent to an outside lab. The elemental data 
comprising this table come from scholarly journal articles and theses that either 
published the elemental ppm data and the source that the obsidian artifacts 
came from or provided a link to the supplementary data that contained the 
elemental information (Joyce et al. 1995; Lopez-García et al. 2019; Millhauser et 
al. 2011; Pierce 2015; Smith et al. 2007; Williams 2012). This data table 
(Appendix 1) contains the elemental readings of 616 obsidian artifacts (61 from 
Joyce et al. 1995; 109 from Lopez-García et al. 2019; 103 from Millhauser et al. 
2011; 197 from Pierce 2015; 64 from Smith et al. 2007; and 82 from Williams 
2012).  
The obsidian sourcing data presented in Appendix 1 include elemental 
information obtained by both XRF and instrumental neutron-activation analysis 
(INAA). INAA elemental information was chosen for inclusion in the table as there 
is some crossover in the elements that are the focus of INAA sourcing and XRF 
sourcing. The table contains various obsidian sources from Mexico including 





many others. In total there are 27 obsidian sources characterized. To create this 
list, I compiled the elemental data and obsidian source from each journal article 
or thesis and recorded them in an Excel spreadsheet. Included in the 
spreadsheet is information about where each artifact was recovered, if that 
information was stated within the article.   
The XRF elemental data obtained from the obsidian artifacts of the Vester 
Collection were compared to the elemental data collected from the scholarly 
sources mentioned above to determine where the Vester obsidian came from. To 
analyze all of these data, I used the statistical software JMP Pro 15. First, I 
conducted a principal component analysis (PCA) on the Vester elemental data 
(Figure 4.1). The elements I selected for this analysis were Rb, Zr, and Nb. Sr 
was not included because some of the artifacts did not have a detectable amount 
of that element. Y was not included because Dr. Melchiorre stated that the Niton 
XRF that was not calibrated properly to read that element. The PCA was 







Figure 4. 1 Principal components analysis of Vester obsidian. Components 
chosen for the PCA were Rubidium, Zirconium, and Niobium. 
 
After the PCA, I compared the elemental readings from the Vester 
obsidian to the elemental data from the previously mentioned scholarly sources. 
Zr and Rb were chosen as the x-axis and y-axis, respectively. The graph 
produced was quite large and needed to be split into two separate graphs for 
ease of analysis (Figures 4.2 & 4.3). Sources that were not near the readings of 





used the remaining elemental data to create 95% confidence ellipses, and these 
were used to source the Vester obsidian.   
 
 
Figure 4. 2 Scatterplot of half of the Vester obsidian. This scatterplot shows the 
concentrations of Rb and Zr, in ppm, of half of the Vester obsidian. With 95% 
confidence intervals of the Ixtlán del Rio, Otumba, San Juan del los Arcos, 






Figure 4. 3 Scatterplot of half of the Vester obsidian. This scatterplot shows the 
concentrations of Rb and Zr, in ppm, of the other half of the Vester obsidian. With 
95% confidence intervals of the La Joya, Pachuca, Volcán las Navajas, and 
Tulancingo obsidian sources.  
 
 
I then conducted a hierarchical clustering analysis to determine the 
sources of the four artifacts that were difficult to source using only confidence 
ellipses, as these ellipses overlapped (Figure 4.4). I completed this hierarchical 
clustering analysis using Rb, Zr, and Nb as variables and sorting the clusters 
based on Rb (Figure 4.4). For the sources, I determined the averages of each 






Figure 4. 4 Results of hierarchical clustering analysis. The HCA was done on 
four Vester artifacts that were difficult to source. The cluster analysis was based 










 This study of the Vester obsidian resulted in the sourcing total of 13 out of 
the 81 artifacts included in this study, or about 16% of the obsidian in the 
collection (Table 5.1). The sources that are represented among those artifacts 
are Ixtlán del Rio, Otumba, Pachuca, San Juan de los Arcos, Volcán las Navajas, 
Zacualtipan, and Zaragoza. The PCA proved somewhat useful but plotting the 
Vester obsidian elemental data to the sources in a scatterplot matrix was more 
effective in determining sources.  
 
 
Artifact Number Source Artifact Type 
F.1386.C25.5822.2 Volcán las Navajas Ear Plug 
F.1386.C25.5843.2 Pachuca Polyhedral Core 
F.1386.T27.5861.10 Otumba Projectile Point 
F.1386.T27.5861.11 Ixtlán del Rio Projectile Point 
F.1386.T27.5861.21 Otumba Projectile Point 
F.1386.T27.5861.25 Pachuca Projectile Point 
F.1386.T27.5861.26 Otumba Projectile Point 
F.1386.T27.5861.48 
San Juan de los 
Arcos 
Projectile Point 




F.1386.58471.1 Zacualtipan “Spokeshaver” Scraper 
F.1386.58471.4 Zaragoza “Spokeshaver” Scraper 
F.1386.58471.5 Pachuca “Spokeshaver” Scraper 
 






Plotting the obsidian readings allowed me to determine the sources of 
nine out of the 13 artifacts. These artifacts were located in areas of the 
confidence ellipses that were not overlapping with other ellipses (Figures 4.2 & 
4.3) The last four artifacts (F.1386.T27.5861.10; F.1386.T27.5861.48; 
F.1386.T27.5861.55; and F.1386.58471.4) needed to go through another 
analysis to determine their most likely source. Following the example of 
Millhauser and colleagues (2011), I completed a hierarchical clustering analysis. 
This analysis, based the individual artifact readings and averages of the sources, 
determined that Otumba, San Juan de los Arcos, and Zaragoza were the most 
likely sources for these for artifacts (Figure 4.4). 
 




















































 With this research, I sought to complete two related objectives. These 
were to prove that working with the ‘orphaned’ Vester Collection could provide 
the collection much needed context and demonstrate its research potential. I 
tried to accomplish that objective by sourcing the obsidian artifacts that were a 
part of the collection. As previously stated, 13 of the 81 total obsidian artifacts 
were sourceable by the methods employed in this research. Among these 
artifacts, a total of seven obsidian sources are represented (Figure 6.1). It is 
possible that if more elemental data on obsidian sources in Mesoamerica were 
easily accessible, I may have been able to source more of the artifacts. Or it may 
be possible that if obsidian sources from other areas of Mexico and Mesoamerica 
in general were included in the beginning of my research, more artifacts could 
have been sourced. The data that has been gathered does provide a good 
starting point for future research which may allow for more artifacts to be 
sourced.  
 Out of the 13 artifacts sourced, seven obsidian sources are represented. 
Three artifacts were sourced to Otumba, and another three were sourced to 
Pachuca. Zacualtipan and Zaragoza both produced two artifacts in the collection. 
Ixtlán del Rio, San Juan de los Arcos, and Volcán las Navajas each produced 
one artifact, according to this analysis (Figure 6.1). The furthest source from 





which is roughly 400 miles away in West Mexico (Figure 6.1). While there is little 
contextual information about where exactly these artifacts were taken, or what 
time period they are from, I believe that it the obsidian sources represented in the 
sourced Vester artifacts are accurate. 
 The number of obsidian sources represented in the sourced Vester 
obsidian is significant. While seven sources are currently identified, the majority 
of obsidian artifacts in the collection still need to be sourced. This suggests that 
even more sources are likely represented in this collection. There are two 
possibilities I can propose to explain this finding. First, it is possible that the 
number of obsidian sources show that there were complex trading and 
interaction networks involved within and around Teotihuacán, as Carballo and 
colleagues (2007) found in their sourcing of obsidian from the Sun Pyramid. 
Alternatively, the artifacts obtained by Mr. Vester may have been looted or 






Figure 6.1 Pie-chart of obsidian sources in the Vester Collection.  
 
 
Looking at Figure 6.2, the closest obsidian sources that are represented in 
the sourced Vester artifacts are Otumba, Pachuca, Zacualtipan and Zaragoza, 
and these sources are the most common. Both Otumba and Pachuca were 























Figure 6.2 Map of Mexico with obsidian sources in Vester Collection. This map 
shows the locations of the obsidian sources that were identified in this research 
and Teotihuacán, the presumed area where the obsidian artifacts were collected 
by Gerhard Vester. 
 
  
Kwoka and Shackley (2019), examined a cache of obsidian that was 
excavated in the Sun Pyramid. The cache was excavated by René Millon in 
1965, and the cache has been dated to the first construction phase of the 
pyramid (Tzacualli phase, 1 – 150 CE). A total of 41 obsidian artifacts were 
sourced by XRF to a single source, the Otumba source. In Gazzola and 
colleagues work (2010), they examined 50 obsidian artifacts that were also a part 
of the oldest construction phases of Teotihuacán. Using particle-induced X-ray 
emission (PIXE) they sourced the artifacts to four sources. The sources are 





for a couple of reasons. One artifact was sourced to Zacualtipan and its presence 
“testifies to the use of a source never reported in connection with Teotihuacan 
obsidians” (Gazzola et al. 2010: 350). It is believed that the presence of the 
Zacualtipan source found in the early phases shows that the people from 
Teotihuacán controlled that source as well or that the obsidian from Paredón and 
Zacualtipan are evidence of commercial exchange (Gazzola et al. 2010: 352). 
  Carballo and colleagues (2007) analyzed the obsidian procurement 
patterns of four central Mesoamerican sites that spanned from the Formative 
period to the Classic period and also produced some surprising results. One of 
the sites they examined was Teotihuacán, and they specifically focused on 
workshops around the Moon Pyramid. They found that, during the Classic period 
at Teotihuacán obsidian from Zaragoza is present in small quantities and that its 
presence, along with obsidian from Paredón and Tulancingo, “indicates a more 
complex procurement system for the Teotihuacan lithic economy than the 
traditional emphasis in the literature on the Pachuca and Otumba sources.” 
(Carballo et al. 2007:40). 
 Through my research I was unable to find previously-published evidence 
of obsidian from Ixtlán del Rio, San Juan de los Arcos, or Volcán las Navajas 
recovered at Teotihuacán. Pierce’s (2015) work on the Aztatlán site in Northern 
Nayarit provided evidence of Pachuca obsidian. The site is called San Felipe 
Aztatán, and it was a Classic period site. The obsidian recovered at that site was 





being Pachuca, Ixtlán del Rio, San Juan de los Arcos, and Volcán las Navajas 
(Pierce 2015). One hundred and ninety-five artifacts were sourced, out of 1476, 
and 8% of the sourced artifacts came from Pachuca. This is possible evidence of 
a trade system that connected Western Mexico to Central Mexico. Eighty-four 
obsidian artifacts dated to the Amapa Phase (500 – 750 CE), while 29 pieces 
were dated to the Cerritos Phase (900 – 1100 CE) (Pierce 2015: 272).  Based on 
this, I believe that if it is possible for Central Mexican obsidian to be found in 
West Mexico, it may be possible that the reverse could be true as well. This 
could indicate that interaction networks in Mesoamerica were more complex than 
previously believed and that the interaction networks in Teotihuacán were 
complex as well. Alternatively, as stated above it is possible that Mr. Vester 
obtained the obsidian artifacts in other areas besides Teotihuacán. 
 I believe that this research with the Vester Collection does show that there 
is some research potential within the collection. Obviously more work needs to 
be done with the rest of the unsourced obsidian artifacts. But there are other 
types of artifacts within the collection, as well. There are ceramic figurines and 
vessels, spindle whorls, and colonial artifacts. It is possible that research into the 
other artifacts in the collection could aid in determining where Gerhard Vester 








 With this research, I sought to bring some context to the ‘orphaned’ Vester 
Collection by sourcing its obsidian artifacts and to prove that it is possible to work 
with an ‘orphaned’ collection. With only the words of Mrs. Vester to go on, it was 
assumed that the obsidian artifacts were taken from Teotihuacán and the 
surrounding area and there is little evidence for demonstrating the time period of 
the obsidian’s original use. Of the 81 artifacts examined, 13 of them were traced 
to specific obsidian sources in Mexico. These sources are Ixtlán del Rio, 
Otumba, Pachuca, San Juan de los Arcos, Volcán las Navajas, Zacualtipan, and 
Zaragoza. Looking at previous obsidian sourcing studies done on materials 
recovered from Teotihuacán (Carballo et al. 2007, Gazzola et al. 2010, Kwoka 
and Shackley 2019), the Otumba, Pachuca, Zacualtipan, and Zaragoza sources 
are found within various periods of the site. Finding these sources within the 
collection should be expected. The identification of obsidian from West Mexico 
(Ixtlán del Rio, San Juan de los Arcos, and Volcán las Navajas) is surprising, 
however. Perhaps this is evidence of West Mexican obsidian being traded to 
Central Mexico during the Classic period? Pierce (2015) revealed that Pachuca 
obsidian was present in Classic Period San Felipe Aztatán. If Central Mexico 
obsidian could be found in West Mexico, it should be possible that West Mexico 





I do believe that with the information obtained during this research, some 
context was returned to the Vester Collection. Although a modest start, this is the 
only new contextual information produced for this collection for a number of 
years. It is important to examine these ‘orphaned’ collections as they continue to 
sit in the various museums, storage units, universities, and garages. I argue that 
it is the responsibility of archaeologists to examine these artifacts and publish the 
information obtained from their study. We cannot let these collections to continue 
to sit in storage in perpetuity without being examined. Barker (2003) said that the 
examination of these collections “is additive, with research by successive 
generations of scholars increasing the utility of these portions of the 























OBTAINED ELEMENTAL COMPOSITIONS OF  
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